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The question has been raised repeatedly: what is the 
effect of an intracutaneous injection on skin blood flow? 
This is particularly relevant where radioisotope clear-
ance techniques are used for its measurement. This study 
was performed to measure these changes. Using the 
noninvasive technique of laser Doppler velocimetry to 
measure cutaneous blood flow, injections were made in 
the forearm skin with a needle alone, and with 20 f.tl of 
saline, histamine or epinephrine. In each case, measure-
ments were made at resting flow and elevated flow 
levels, the latter produced by heating the site to 44 oc for 
5 min prior to the study. At resting flow levels, insertion 
of the needle or injection of saline produced approxi-
mately a sevenfold increase in flow over the base line; 
the flow increase remained elevated for periods of at 
least 20 min. Histamine produced a much smaller in-
crease, and epinephrine a decrease as compared to the 
base line. In the heated sites, vasodilatation was already 
present, and flow levels decreased in all cases, slightly 
with the needle and saline, more with histamine, and 
most with epinephrine. It is concluded that there is a 
significant increase in skin blood flow caused by injec-
tions into the skin, but this response is progressively 
more masked as base line flow levels increase. 
When the skin is traumatized, regardless of the nature of the 
trauma, a reaction which was discussed by Lewis [1] as the 
triple response, and includes an inflammatory response as dem-
onstrated by Majno and Palade [2], is initiated. There is a 
question, however, as to how extensive this response is, and to 
what degree it affects normal physiological functions in the 
skin. 
More specifically, this question is raised in considering the 
measurement of cutaneous blood flow using the radiotracer 
clearance technique. In this case, a small amount ofradiotracer, 
most commonl/aa xenon in saline solution, is injected intrader-
mally. The injection consists of 20 pJ. of saline with 20 to 30 f.tCi 
of dissolved 1a3 xenon and is made through a 30-gauge needle, 
raising a small bleb on the epidermal surface. The rate of 
removal of the radioisotope is monitored with an external 
gamma counter placed over the injection site, and the flow per 
unit volume of skin is calculated from a modification of the Fick 
flow equation using the half-time of the initial slope of the 
isotope disappearance curve [3]. Sejrsen [3] has contended that 
a significant change in skin blood flow results from this, and 
that the values measured are therefore inaccurate. This senti-
ment has not been rejected, but accurate data concerning the 
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magnitude and the duration of the effect have not been ob-
tained. Kristensen and Wadskov [ 4], using normal subjects at 
room temperature, compared the injection method of taaxenon 
clearance to the epicutaneous method where the gas is allowed 
to diffuse through the skin from under a Mylar membrane 
rather than being injected. The increase in flow, measured by 
the difference in the initial slopes of the radioisotope disap-
pearance curves, was attributed to trauma and averaged 65%, 
but with wide variations. The mean duration of this increase, 
determined by exponential curve stripping, was felt to be about 
10 min. 
In our initial studies using the laser Doppler velocimeter [5,6] 
we demonstrated the presence of an 81% increase in flow at the 
site of 133xenon injections when measured approximately 7 to 8 
min after the injection, but did not see increased flow at 
adjacent sites 7 mm away. 
In this study, our object was to examine this response further 
and to define its characteristics more fully, with particular 
reference to the base line flow level, the changes in flow pro-
duced by the needle insertion, and the effect of vasoactive drugs 
on the amplitude and duration of the response. 
MATERIALS AND METHODS 
Experimental Conditions 
FWe healthy subjects ranging in age from 19 to 39 were studied, none 
of whom were taking any medications. One patient was known to have 
multiple allergies, but was asymptomatic at the time of the study. The 
subjects remained in the supine position during the entire study of 
approximately 2 'lz h, except for being allowed to sit up and stretch at 
the midpoint. Flow measurements were made in 4 locations on the 
volru· surface of each forearm, each location being separated by approx-
imately 5 em from the adjacent site. The forearm in each case was 
immobilized by a vacuum splint on the dorsal surface of the hand and 
arm to reduce motion artifact. Any visible cutaneous veins were 
avoided, but measurement over these in previous studies has shown 
that they have no effect on the cutaneous flow measurements made 
with the laser Doppler instrument (unpublished data) . Temperature 
was monitored at a site 3 em from each flow measurement site. Room 
temperature varied from 25.5 to 27.0°C. Skin temperature varied from 
29.8 to 34.5°C, with a maximum variation in an individual subject of 
3.5°C, and a mean variation of 1.96°C during the experiment. Each 
forearm was lightly cleansed with alcohol 15 min before the ftrst 
measurement was made, an adequate time interval for the local cooling 
effect to be insignificant. A blood pressure cuff was positioned on the 
upper arm. 
Flow Measurement System 
Skin blood flow was measured using the laser Doppler velocimeter 
measurement system reported previously [5,6). Laser light is transmit-
ted to the skin via a quartz optical fiber and back scattered from both 
the nonmoving skin surface and the moving red blood cells. A second 
closely approximated fiber gathers both these light signals and returns 
them to a photodiode, where mixing of the 2 signals produces an 
interference pattern on the photodiode surface. This causes the output 
of the photodiode to vary at the rate of the Doppler shift. The tips of 
the optical ftbers are maintained at a distance of 2 mm from the skin 
surface by a lucite spacer which is attached to the skin by double-sided 
tape. No coupling medium is used between the ftbers and the skin. The 
instrument is nulled by setting the output to zero when the fiberoptics 
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are no t facing any reflecting surface. The output of the system is the 
root-mean-square (RMS) value of the photodiode signal, and is nor-
malized to t he intensity of the backscattered skin surface illumination. 
T his permits comparison between areas of skin whi~h have differe~t 
optica l absorption properties. This signal is in the umts of vol~ and 1s 
proportional to flow velocity [6]. RMS voltage output was displayed 
continuously on a digital panel meter and on a strip chart recorder. 
The volume from which the flow was measured was approximately 1 to 
1.5 mm", with maximum depth estimated at 1.5 mm [7). 
Experimental Protocol 
The protocol for both forearms was the same except tha t each of the 
4 sites on one forearm was heated to 44 oc for 5 min immediately prior 
to beginning the study, using a 1 em diameter servo-controlled heating 
disk. In 2 subjects the right arm was used for the heating studies, 
whereas the left arm was used in the other 3. Temperature directly at 
the heated sites could not be measured during flow studies. 
A base line flow was obtained at each site until it was stable. At this 
time the blood pressure cuff was inflated to 180 mm Hg for l min and 
the flow monitored. This was done to validate the "zero flow" level, 
and to quantitate the hyperemic response following release of the cuff. 
The hyperemic flow was recorded and followed for 1 min, which was 
long enough for the flow to become stable again. The flow probe was 
then removed and ' he traumatic intradermal injection stimulus applied 
using a 30-gauge r edle. Four different stimuli were used: (1) needle 
alone, (2) needle ' ith injection of 20 JLl of physiological saline, (3) 
needle with injection of 4.0 1-1g histamine base in 20 )Ll of physiological 
saline, or (4) needle with injection of 0.1 f.J.g epinephrine in 20 f.J.l of 
physiological saline. The solutions were all at room temperature, and 
were injected over a period of about one second. In each case where 
the 20 f.J.l of substance was injected, a small 3 X 3 mm papule was 
produced on the skin surface. The flow probe was reapplied within 5 
seconds of the injection immediately over the injection site, and the 
fl ow following the stimulus monitored for 5 min. 
RESULTS AND DISCUSSION 
Mean flow values for control states and needle interventions 
are shown in Tables I and II. In all cases, base line flow 
remained constant over the initial 1-min observation period, 
with the .flow values ranging from 0.14 to 0.79* and a mean of 
0.48 ± 0.03 (mean± SEM). There was no obvious interrelation-
ship between high or low values and forearm locations, left or 
right arm, or prior interventions. Occlusion with the blood 
pressure cuff caused flow to decrease to a mean of 0.21 ± 0.03, 
a fall of 56%. These occlusion values were generally in the range 
of 0 to 0.30. One subject persistently had values of 0.50 to 0.52, 
but the base line values also tended to be higher. Values 
obtained with the blood pressure cuff inflated were always less 
than the base line, but rarely zero. The explanation for this is 
2-fold. First, if one listens to the untreated Doppler signal 
(which is easily done, as the Doppler shift is in the midauditory 
range) , flow does not stop when the cuff is inflated, but contin-
ues to fall gradually over 30 to 60 seconds to a very low level 
due to continued flow from remaining arterial pressure, and to 
redistribution of the red blood cells between capillaries. This 
redistribution appears to last for at least several minutes. Sec-
ond, very low values are at the noise threshold of the instru-
ment, and this electronic noise may elevate zero flow values 
slightly above zero in the version of the instrument used for 
this study. 
Hyperemia was always seen on release of the occlusion, with 
the mean peak flow increasing to 1.61 ± 0.10, an increase of 
235% over the base line. Flow returned to a mean of0.52 ± 0.03, 
·which was within 8% of the base line value, in less than 30 
seconds and remained at that level during the rest of the 
observation period. Although the amplitude of peak hyperemia 
varied to some degree, the time duration was very consistent 
both in a given subject and between subjects. 
When a needle was introduced without any injection of fluid, 
the flow showed a fairly rapid increase to a mean of 4.17 ± 0.61, 
a 7-fold increase. This increase occurred over a period of 15 to 
• All flow values are reported as volts, and mean values as mean ± 
SEM. 
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TABLE I. Mean RMS flow values 
Base line 
Occlusion 
Postocclusion 
Peak 
Base line 
Post heater base line 
" Mean ± SEM-units are in volts. 
" 0.48 ± 0.03 (n=38) 
0.21 ± 0.03 (n=39) 
1.61 ± 0.10 (n=20) 
0.52 ± 0.03 (n=20) 
5.87 + 0.49 (n=20) 
T ABLE II. Mean peak RMS flow values after interventions 
Needle 
Saline 
Histamine 
Epinephrine 
No Heat 
" 4.17 ± 0.61 (n=5) 
3.94 ± 0.63 (n=5) 
2.05 ± 0.52 (n=5) 
1.25 + 0.32 (n=S) 
" Mean ± SEM-units are in volts. 
H eated 
5.50 ± 0.52 (n=5) 
4.22 ± 0.40 (n=5) 
3.66 ± 0.72 (n=5) 
1.53 ± 0.64 (n=5) 
30 seconds and remained at or near that level for the full 5 min 
of observation. A recording of this and the other interventions 
in one subject is shown in the Figure. In 3 cases we made an 
additional needle insertion on another day and followed the 
flow increase for a longer period of time. In no case did the flow 
return to less than twice the base line value during the 15, 21, 
and 25 min that it was monitored, and showed only a very 
gradual decrease toward the base line. In these elevated post-
injection flows, there were greater fluctuations in flow from 
systole to diastole than in the base line flow, where these 
pulsations represented changes in flow in a typical s.u~jec~ of 
0.07 or 15% of the base line value. After the needle mJectwn, 
the pulsations increased to a systolic-diastolic difference of 0.53, 
or 115% of the mean flow level. This can be more clearly seen 
in the Figure. Kristensen and Wadskov [4), in comparing the 
injection and epicutaneous (where the xenon is allowed to 
diffuse through the skin rather than being injected) methods of 
xenon clearance flow measurement, used exponential curve 
resolution and separated the clearance curve into traumatic, 
dermal, and fat components. It was felt that the flow increa~e 
due to the trauma of injection was enough decreased by 10 mm 
that clearance curves from both methods were parallel and 
accurately represented flow. This time course clearly differs 
from our temporal sequence. Curve stripping when the com-
ponents have similar half times, as they ~id in his .cas~s (3.3 
min vs. 10.5 min, roughly calculated from h1s graph), 1s difficult 
and may represent the difference between the 2 values. Add~­
tionally, as the xenon diffuses away from the needle track, 1t 
will enter areas further from the needle trauma where the flow 
is porportionally less increased, and will thus register a lesser 
flow. This is probably significant, as the laser Doppler only 
measures flow in a very local area (1 mma), whereas the radiois-
otope method examines a sample volume of at least 1 cm3• This 
would specifically account for their decreasing values after 
several minutes. 
When the 20 ,ul of saline was injected, the increase in flow 
was generally slightly lower and more delayed than wit~ the 
needle alone. Flow increased to a mean of 3.94 ± 0.63 m 30 
seconds to 2 min, and remained at that level throughout the 5-
min observation period. The pulsatile character of the flow also 
increased over the base line value by about the same amount 
as with the needle alone. When the saline is injected, a 3-mm 
papule is raised above the skin surface, which co~tain~ the 
saline at a pressure greater than that of the surroundmg tlssue. 
Compression then decreases the capillary flow until the pres-
sure is equalized by diffusion of the saline out of the papule, at 
which point flow begins to rise. As some saline probably remains 
in the papule for a period of at least 10 to 20 min (it appears 
paler for about 10 min), the assumption is that capillaries are 
thus displaced and flow measured in the laser Doppler sample 
volume of approximately 1.5 mm:J is decreased to a lower level 
than with the needle alone. It can also be suggested that the 
initial decrease in flow after the volume injection could be due 
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to an optical effect produced by the fluid intervening between 
the skin surface and the capillary bed. We suspect that this is 
not the case, as the intensity of total light backscattered from 
the skin after the saline injection increases in some subjects and 
decreases in others, while the flow value decreases in all sub-
jects, but more concrete proof cannot be offered at present. 
The injection of histamine was included in the study, as this 
agent is a vasodilator in man and has been used by Sejrsen to . 
increase blood flow to a maximum level during "'''xenon clear-
ance flow measurements. It was hypothesized that it would 
cause a still further increase in flow as compared to the needle 
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alone. Injection of 4 J..tg of histamine base in 20 J..ti of saline, 
however, resulted in an increase in flow over the base line, but 
significantly less than with the needle alone (p < 0.05) and less 
than with saline (p = 0.07). The mean peak flow value was 2.05 
± 0.52, an increase of 327% over the base line. This peak was 
generally reached quite rapidly, within a few seconds, and then 
flow either stayed the same or gradually decreased over the 5-
min observation period. The subject who had a strong allergic 
history but who was not taking any medications at the time of 
the study showed no different response then the other subjects. 
Flow pulsations from systole to diastole were about half the 
amplitude of those seen either with the needle alone or with 
saline. As all cases demonstrated a classical wheal and flare, 
our assumption is that the tissue edema both displaced and 
compressed the capillaries, producing a decreased flow within 
the area of measurement in the center of the wheal. However, 
several spot checks of flow outside of the wheal and within the 
area of the flare in another subject showed flow within the flare 
to be markedly increased over base line levels. Thus, the general 
effect of histamine is the anticipated increase in measured flow 
if a large enough area including the flare is examined, as would 
be the case in measurements using radioisotope clearances and 
other techniques. In actuality, however, there are areas of both 
increased and decreased flow if a flow measurement technique 
with a small enough sample volume is used. 
When epinehrine was injected, the expected decrease in flow 
occurred. Injection of 0.1 J..tg of epinephrine in 20 J..tl saline in 
most cases showed an initial slight rise to a mean value of 1.25 
± 0.32, but then quickly tapered to a mean level of 0.40 ± 0.12, 
17% less than base line, but still above the "zero" levels recorded 
when the blood pressure cuff was inflated. Even the peak value 
was significantly less than with needle alone or saline (p < 
0.01). Initial pulsations were in some cases greater than during 
the base line measurements, but in all cases decreased to base 
line levels or less within the first 1 to 1 1h min following injection. 
A clear blanching was visible at all epinephrine injection sites. 
The studies using heating of the injection sites prior to 
injections to produce an increased blood flow were utilized to 
see how a state of increased flow would affect the hyperemia of 
the needle insertion seen at low flow states. When the 44 oc 
heater was applied to the experimental sites on the opposite 
forearm for 5 min, the base line, which was the same prior to 
heating as the nonheated arm, increased to a mean of 5.87 ± 
0.49, an increase of 1123%, and showed a very slow fall when 
the heater was removed. Inflating the blood pressure cuff over 
the upper arm resulted in a fall in flow to the same low levels 
as were seen with occlusion in the opposite, nonheated arm. 
Following the release of the cuff, flow retmned to a slightly 
lower level than before occlusion, then gradually approached 
the pre-occlusion level over 30 to 45 seconds, but never quite 
reached it. It is most likely that with the heater removed, the 
skin temperature had cooled slightly. On the other hand, in the 
separate studies where we examined the. duration of the in-
creased flow following removal of the heater, base line levels 
had not been reached even at 25 min after cessation of heating. 
An important future experiment will be to monitor the skin 
temperature at the measurement site to see if it actually re-
mains elevated during this entire period. 
Insertion of the needle alone into the heated area did not 
produce any increase in flow over the postheater base line. In 
several cases a slight decrease occurred, with a mean flow of 
5.50 ± 0.52, probably due to cooling. Pulsations re'mained es-
sentially unchanged. When 20fll of saline were injected, flow 
remained essentially the same in 2 and decreased in 3 subjects, 
with a mean value of 4.22 ± 0.40. Pulsations again remained 
about the same as following saline injections in the nonheated 
arm. Injection of 4 J..tg of histamine after heating produced an 
initial reduction in flow within the wheal area, with a mean of 
3.66 ± 0.72, followed by a gradual further decrease to a mean 
level of2.32 ± 0.38. Flow pulsations were significantly decreased 
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immediately and continuously after the injection, falling to 
approximately one half of the levels seen following insertion of 
the needle alone or with saline injection. 
The response to 0.1 llg of epinephrine was a fairly rapid 
decrease in flow in all cases, to a mean of 1.53 ± 0.64, only 26% 
of the heated base line value. Pulsations also decreased to a 
level equal to or below that of the nonheated base line value. 
Of additional interest was the fact that we were clearly able 
to see the differences in capillary flow between systole and 
diastole. At low flows capillary flow appears to be quite contin-
uous, as can be seen in microscopic observation of flow in single 
capillaries. When flow was increased after needle insertion, flow 
velocity during systole was much greater than during diastole 
as compared to the much steadier flows in the base line state. 
We attributed this to the fact that with more capillaries open, 
precapillary resistance is less, and arterial pressure waves are 
more fully transmitted to the capillaries themselves. In the area 
pf the histamine wheal where the flow was less than with the 
needle insertion, the systolic-diastolic flow pulsations were de-
creased. Pulsations were too small to be identified in the sites 
of epinephrine vasoconstriction. 
The laser Doppler system provides a measure of red blood 
cell velocity, but because of the complex geometry of the 
cutaneous microvasculature, and the scattering of the laser 
light by the epidermis, the measurement cannot be absolute 
and must be calibrated against other methods. Unfortunately 
there are no absolute or "gold standard" methods of skin blood 
flow measurement, due to its complex geometry and the fact 
that the quantity cannot be measured directly. The laser Dop-
pler system has been compared to the ""1xenon injection method 
and has shown good correlation where measurements were 
made with the laser Doppler prior to the xenon injection. On 
the basis of the current study, correlation at high flows would 
be expected but good correlation at low flows is probably due 
to the fact that the area of increased flow due to injection is 
averaged. over the whole of the 1 ' 1 '~xenon distribution area, an 
area of at least 1 em'\ and therefore does not show the increased 
levels shown by the laser Doppler locally at the injection site. 
Additional comparison with other methods, including plethys-
mography, needs to be undertaken, but some care must be 
taken in interpretation, as different variables are being mea-
sured in each case. 
As with any instrumentation system, sensitivity will decrease 
when the signal level approaches the level of instrument noise 
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in the system. Thus with the laser Doppler, very low flow levels 
will be subject to some variation due to electronic and motion 
noise, but normal and reduced flow levels should not be signifi-
cantly affected. This accounts for the flow not going to zero 
with blood pressure occlusion, but recent progress in processing 
algorithms and electronics is permitting improvement in this. 
Two conclusions can be drawn from this study. First, it 
appears quite clear that the insertion of a needle into the skin, 
with or without injection of any substance, produces a signifi-
cant degree of hyperemia at the injection site, which may 
exceed base line blood flow by a factor of 7 or more times. This 
increase, however, is progressively more masked as base line 
cutaneous blood flow levels increase. This suggests that the 
"initial slope" injection method of radioisotope clearance flow 
measurement is applicable where it is desired to measure in-
creased or maximal flow levels, but that for resting or low level 
flows, a significant artifact may be introduced. Second, laser 
Doppler velocimetry is a unique method for continuously and 
dynamically following cutaneous blood flow and its changes 
noninvasively. This should permit us to obtain much improved 
knowledge of the physiology and pathophysiology of the skin 
circulation. 
We also appreciate the help of Sylvia Danielson in the preparation 
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